A dermal mucinoisis, visualized as dermal alcianophilic material, is occasionally present in canine hypothyroidism (myxedema). Various histochemical reactions (alcian blue/periodic acid-Schiff [PAS], alcian blue at pH 2.6, alcian blue at pH 1.0, critical electrolytical concentrations with and without dimethylsulfoxide, differential hydrolysis by hyaluronidases) were performed on skin biopsies from six dogs (four females and two males ranging from 8 to 13 years) affected by hypothyroidism, all of them presenting dermal mucinosis in hematoxylin and eosin-stained sections. In these dogs, the only polysaccharidic compound involved in the dermal mucinosis was hyaluronic acid. In this study, hyaluronic acid dermal deposits of hypothyroid dogs were significantly different from those of controls in subepidermal connective tissue and loose reticular connective tissue but not in periadnexal zones. We recommend the combined alcian blue/PAS reaction as a routine technique to assess dermal mucinosis in hypothyroid dogs.
In both canine and human dermis, acid polysaccharides of the ground substance belong to two categories: nonsulfated carboxylated glycosaminoglycans (GAGs) and sulfated carboxylated GAGs. 12 The only nonsulfated carboxylated GAG present is hyaluronic acid, which is the single most prevalent GAG. It is also the one that is often implicated in human m~c i n o s e s .~~~~~~~~~ Sulfated and carboxylated GAGs are comprised of chondroitins 4and 6-sulfate7 dermatin sulfate and heparin sulfate.lS Heparin from dermal mast cells is also a sulfated and carboxylated compound; however, it is a secreted and not a structural GAG. Finally, keratin sulfate, which belongs to a third category (sulfated noncarboxylated GAGs), is not found in the der-mi^.^^
The word myxederna was introduced by Ord in 1873 to describe the peculiar nonpitted swelling of the skin in human adult hypothyroidism. This description was made on the basis of the histological demonstration of a jellylike interstitial material (mucin) in the ~k l n .~ Myxedema now refers in human medicine to the generalized mucinosis of the skin accompanying hyperthyroidism ("pretibial myxedema") or hypothyroidism ("generalized m y~e d e m a " ) .~J O .~~,~~ Histochemical and biochemical studies showed that the accumulated mucin mainly consists of hyaluronic a~i d ;~~~~~~~~~~~~~ this highly hygroscopic GAG might contribute to the formation of the macroscopical cutaneous edema. 14, 23, 24 In canine hypothyroidism, the occasional presence of a dermal mucinosis, either as cutaneous thickening9J2 or, rarely, as cutaneous vesiculation," has been reported. The topographical and histochemical characterization of this mucinosis has so far not been studied in this species.
Therefore, we undertook a histochemical study of dermal mucins in several cases of proven canine hypothyroidism in which dermal mucinosis had been diagnosed, in order to further characterize the nature of polysaccharidic compounds involved as well as their topography.
Material and Methods
Four female and two male hypothyroid dogs, ranging from 8 to 13 years of age, were studied. They were from various breeds (Case No. 1 6, boxer) . Criteria reported in the veterinary literature to be diagnostic for canine hypothyroidism were used retrospectively for selection of these animals, including clinical signs,ZJ2J6 absence of response to a thyroidstimulating hormone (TSH) stimulation t e~t , l .~J~ and regression of cutaneous lesions after thyroid hormonal treatment. l9 Evidence of dermal mucinosis was present for all lesions. Three male and three female beagle dogs (Case Nos. 7-12), ranging from 1 to 3 years of age, and two male and three female mongrel dogs (Case Nos. [13] [14] [15] [16] [17] , ranging from 5 to 14 years of age, were used as controls. They were cared for 628 and used according to current E.E.C. regulations (86/609/ C.E.E.). Their euthyroid status was confirmed by a thorough clinical examination and a TSH stimulation test.
One cutaneous biopsy was performed in the dorsolumbar region of each animal, after local anesthesia (lidocaine [5% xylocaine], Roger Bellon, Neuilly %Seine, France). All hypothyroid dogs had cutaneous lesions at this site. The biopsies were obtained using a 6-mm punch (laboratoires Stiefel, Nanterre, France) and were immediately immersed in 10% neutral-buffered formalin to fix for 24 hours. They were processed and embedded in paraffin. Four-pm-thick serial sections were stained as follows to reveal GAG:10J5,22 1.
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1% alcian blue 8 GX (GT Gurr, London, UK), pH 2.6, for the demonstration of acid GAGs (sulfated or not), which stain blue. 1% alcian blue 8 GX (GT Gurr), pH 1.0, for the demonstration of sulfated GAGs, which stain blue. Combined alcian blue (pH 2.6)/periodic acid-Schiff (PAS) for differentiation of periodate-unreactive alcianophilic mucosubstances (acid GAGs), stained blue; periodate-reactive alcianophilic mucosubstances, stained bluish purple; and periodate-reactive nonalcianophilic components, stained magenta. Critical electrolytical concentrations (CECs) with and without dimethylsulfoxide (DMSO) in conjunction with alcian blue for the differentiation of acid GAG. Magnesium chloride concentrations used without DMSO were 0, 0.1, 0.3, 0.5, and 0.7 M, whereas magnesium chloride concentrations used with DMSO were 0, 0.05, 0.1, 0.3, and 0.5 M (see Table 6 for interpretation). To confirm the presence of hyaluronic acid, some sections were digested with bovine testicular hyaluronidase type I-S (SIGMA, St. Quentin Fallavier, France) and bacterial (Streptomyces hyalurolyticus) hyaluronidase type IX (SIGMA), followed by staining with alcian blue, pH 2.6; control slides were incubated for 6 hours with the buffer only. Bovine testicular hyaluronidase hydrolyzes hyaluronic acid and chondroitin sulfate, whereas bacterial hyaluronidase hydrolyzes only hyaluronic acid. Finally, representative sections were stained with hematoxylin and eosin (HE).
Steps 1-3 and 6 were performed on sections from control and hypothyroid dogs to compare them; steps 4 and 5 were performed on sections from hypothyroid dogs only to further characterize the biochemical nature of the dermal mucinosis.
For the interpretation of results, three zones were defined within the dermal connective tissue: subepidermal connective tissue, periadnexal connective tissue, and loose reticular connective tissue, the latter corresponding to the interstitial connective tissue. The relative staining intensity of the histochemical reactions and the size of the reactive surface in each of these zones were graded using a subjective scale from 0 (unreactive) to + (slightly reactive), + + (moderately reactive), and +++ (strongly reactive). Slides were read independently by two pathologists (M. Delverdier and s. Doliger); in cases of discrepancies, the two pathologists reviewed the slides together and reached an agreement as to the grading.
Statistical comparison between treated and control groups, using the exact Fisher t-test, was performed on results of the combined alcian blue/PAS and alcian blue, pH 2.6, reactions.
Results
The combined alcian blue/PAS reaction demonstrated only blue-stained alcianophilic deposits ( Fig.   1 ) in six of six hypothyroid dogs (Table 1 ). This alcianophilic reaction is characteristic of acid GAGs. The reaction was more pronounced in periadnexal areas (graded + to + + +) although not statistically significant when compared to controls and only mild in subepidermal areas (graded +) or in loose reticular connective tissue (graded 0 to +). In these two latter locations, however, the results were statistically significant when compared to controls, with P < 0.0 1 and P < 0.05, respectively. Eight of 11 control dogs (Case Nos. 9, 10, and 12-17) also showed alcianophilic deposits in the periadnexal areas, but the degree of the reaction was milder than in hypothyroid dogs (at most graded +); in these animals, the reaction was seldom positive in the two other areas (2 of 11 [Case Nos. 13 and 171) and 3 of 11 [Case Nos. 13, 15 , and 171, respectively, in subepidermal and loose reticular connective tissue, all of them with a minimal severity). In no instances were periodate-reactive mucosubstances revealed in this reaction.
The alcian blue reaction alone performed at pH 2.6 ( Fig. 2 , Table 2 ) revealed a similar incidence of alcianophilia in the periadnexal areas in hypothyroid and control dogs (6 of 6 and 10 of 1 1, respectively); the intensity of the reaction was weak (graded +) in most animals except in three of six hypothyroid dogs (Case Nos. 1,3, and 5), where it was moderate (graded + +).
The two groups were statistically different with P < 0.05. In subepidermal areas, all hypothyroid dogs were positive (five of six weakly [Case Nos. 1, 2, and 4-61 and one of six moderately [Case No. 3]), whereas control dogs were seldom positive (2 of 11 weakly [Case Nos. 13 and 171); the two groups were statistically different with P < 0.01. Finally, in the loose reticular connective tissue, the reaction was positive in only a few animals (3 of 6 hypothyroid [Case Nos. 1, 5 , and 61 and 2 of 1 1 controls [Case Nos. 13 and 141) and was always weak in intensity. The two groups were not statistically different.
In both control and hypothyroid dogs, there was an important decline in the intensity of staining with the alcian blue performed at pH 1.0 ( Fig. 3 , Table 2 ).
Using CEC without DMSO demonstrated that in every location the alcianophilic deposits seen in hypothyroid dogs were extinguished at magnesium chloride concentrations above 0.3 M (Figs. 4, 5; Table 3 ), whereas the alcianophilia disappeared at concentrations above 0.1 M magnesium chloride when this method was used with 40% DMSO ( Table 4 ). It should Vet Pathol 32~6, 1995 Table 1 . Combined alcian blue, pH 2.6/PAS reaction: intensity* of the alcianophilia in the various dermal regions. be pointed out that, below the critical concentration of magnesium chloride, the alcianophilia was always more intense in this reaction when compared to the reaction with alcian blue, pH 2.6, alone (Tables 2, 3) .
Using the hyaluronidase digestion technique ( Table  5) , control slides, incubated with the buffer only, stained similarly to slides stained only with alcian blue at pH 2.6 ( Fig. 6 ). Hydrolysis with bacterial hyaluronidase extinguished the alcianophilia slightly ( Fig. 8 ). By contrast, the extinction obtained after incubation with testicular hyaluronidase (Fig. 7) was marked and involved all alcianophilic deposits evidenced by the other histochemical reactions.
Discussion
It is often difficult to visualize a dermal mucinosis on HE-stained histological slides; when it is prominent, bundles of collagen appear to be dissociated by a granular or filamentous basophilic m a t e~i a l '~,~~ This is, however, very rare and, in most instances, alcian bluebased histochemical reactions are needed to confirm the presence of a dermal mucinosis. Based on our experience, the combined alcian blue/PAS reaction should be the routine technique selected by the diagnostic pathologist in order to demonstrate the presence of mucosubstances in the case of a suspected hypothyroidism, because no periodate-reactive mucosubstances are seen in control or in hypothyroid dogs and the background staining with this reaction is pink. The alcian blue performed at pH 2.6 gives similar results, but its interpretation is hindered by a marked bluish background staining.
The diagnostic relevance of dermal mucinosis in hy- Fig. 6 , demonstrates that the reactive mucosubstance is either hyaluronic acid or chondroitin sulfate. D = dermis; E = epidermis. Alcian blue, pH 2.6, after incubation with bovine testicular hyaluronidase. Bar = 120 pm. Fig. 8 . Skin; hypothyroid dog; Case No. 3. Some extinction of the alcianophilia as compared to that in the section shown in Fig. 6 , but staining is weaker than with testicular hyaluronidase. D = dermis; E = epidermis. Alcian blue, pH 2.6, after incubation with bacterial hyaluronidase. Bar = 120 pm. pothyroidism is debatable. On the one hand, it is well established that dermal mucinosis is not always present in cases of canine hypothyroidism. 17x21 Therefore, its absence does not rule out a diagnosis of hypothyroidism. On the other hand, it is also known that dermal mucinosis can be observed in d o g~,~,~J~,~~ as well as in humans,25 in various cutaneous disorders, either inflammatory (e.g., pyodermia, allergic dermatitis), or autoimmune (lupus), or even neoplastic. The observation of a dermal mucinosis should not be used to minimize the importance of other primary lesions. A dermal mucinosis by itself is only a consequence of an altered metabolism or catabolism of dermal GAGS, whatever its cause (and in our experience, the different mechanism involved in human mucinosesZ5 applies to dogs). Therefore, the possible diagnostic value of dermal mucinosis in hypothyroidism should always be balanced by the nature of associated primary lesions.
Under the conditions of our study, the combined alcian blue/PAS reaction shows that the distribution Table 6 . Interpretation of the results in the CEC method with or without DMSO: the CEC of a GAG is the magnesium chloride concentration at which it loses its alcianophilia; it is specific to a given GAG. Heparin and the intensity of the dermal alcianophilia differ between control and hypothyroid dogs. In our hypothyroid dogs, the dermal alcianophilia was increased in the subepidermal and the loose reticular zones, but not in the periadnexal zones. These results support the view that in the assessment of primary lesions of hypothyroidism, the topography of the dermal mucinosis is worth taking into account. In the context of a clinical and histopathological suspicion of hypothyroid-i~rn,'*'~*~O,~' is the presence of a dermal mucinosis in these locations diagnostic for hypothyroidism? Based on our study alone, which included a limited number of cases, we cannot provide a definitive answer to this question at present. Future experiments, applying the same rigorous criteria for the selection of cases as ours, will help in clarifying this issue. The second part of our work consisted in the characterization of the mucosubstances composing the dermal mucinosis present in our hypothyroid dogs. Alcian blue reactions performed at pH 2.6 or 1.0 allow differentiation between sulfated and nonsulfated GAGs based on their different pKa's.I5 Alcian blue at pH 2.6 revealed acid GAGs. The extinction of the alcianophilia with the alcian blue reaction performed at pH 1.0 shows that the acid GAGs stained at pH 2.6 are nonsulfated ones.
The determination of the CEC is currently the most precise histochemical method to characterize a dermal GAG.22 It is specific for a given GAG ( Table 6 ) and corresponds to the magnesium chloride concentration at which a GAG loses its a l c i a n~p h i l i a .~~.~~ The use of a mixed solvent containing 40% DMSO increases the spread of differentiation. In our study, this method shows that hyaluronic acid forms all alcianophilic deposits in the skin of hypothyroid dogs.
The digestion of dermal alcianophilic deposits by hyaluronidases is highly dependent on their chemical n a t~r e .~O , '~.~~ In our study, we used a hyaluronidase extracted from bovine testes, which hydrolyzes hyaluronic acid and chondroitin-4 and -6 sulfate, and a hyaluronidase from Streptomyces hyalurolyticus, which hydrolyzes hyaluronic acid ~n l y .~~, *~ The testicular hyaluronidase proved to be effective; the extinction of the alcianophilia was marked, showing that the myxedema was composed either of hyaluronic acid or of chondroitin sulfate. By contrast, the bacterial hyaluronidase was not as effective and produced a much weaker extinction. We ascribe these contradictory results to an apparent reduced digestive capacity of the bacterial hyaluronidase, which might in fact be related to the experimental design. This enzyme is susceptible to the experimental condition~:'~ concentration, pH, Vet Pathol325, 1995 temperature, length of incubation, and presence or absence in the medium of activating (co-enzymes) or inhibiting (mercury, chrome) substances. Optimal conditions for the use of bacterial hyaluronidase are not well defined because the enzyme is difficult to and the reaction is not well studied. The experimental parameters of the digestion by the testicular hyaluronidase are better defined, making this technique easier to perform. Overall, the results of these histochemical reactions show that the dermal mucinosis in our hypothyroid dogs is composed of hyaluronic acid.
Experimental procedures similar to those described in this article, which are needed to characterize GAGs involved in any mucinosis, have not been used so far in canine dermatopathology, where only the alcian blue reaction at a pH of either 2.6 or 1 .O is reported. In the future, they would allow the precise characterization of the GAGs involved in dermal mucinoses of various origins, either metabolic mucinoses (such as in hypothyroidism) or catabolic mucinoses (e.g., pyodermia, allergic dermatitis, lupus, neoplasia). This approach would possibly help in clarifying the pathogenesis of these mucinoses.
